exceptionally high morphological and ecological diversity, contains about 23 thousand known species [Huber, 2017] , but karyotypes of less than 200 members of this group are studied up to now [Gokhman, 2013] . Moreover, chromosome sets of these insects are rarely investigated using base-specific fluorochromes, which often reveal previously unknown karyotypic features [Bolsheva et al., 2012; Gokhman et al., 2017b] . To promote further understanding of these patterns, we have recently studied the chromosome set of a particular chalcid wasp, Baryscapus silvestrii Viggiani et Bernardo, 2007 (Eulophidae) using base-specific fluorochrome staining. Baryscapus silvestrii is a gregarious parasitoid of the olive fly Bactrocera oleae (Rossi, 1790) (Diptera: Tephritidae) that was described more than a decade ago from Southern Italy [Viggiani et al., 2007] .
Material and methods

Origin of parasitoids
The strain of B. silvestrii used in the present study is kept as a lab stock at the Institute for Sustainable Plant Protection, Italian National Research Council, Portici (Napoli), Italy. It is reared on Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) in a climate-controlled chamber at 25 ± 1°C, 60 ± 10% relative humidity, and 16:8 hours photoperiod (L:D). This lab stock originates from insects reared from puparia of B. oleae collected in 2014 on infested olive fruits in Portici. Viggiani et Bernardo, 2007 (Eulophidae) with n = 6 and 2n = 12 were studied using base-specific fluorochrome staining. Chromomycin A 3 / 4', 6-diamidino-2-phenylindole (CMA 3 /DAPI) staining revealed a single paired CMA 3 -positive band within the diploid karyotype of B. silvestrii. This CG-rich segment apparently corresponds to the nucleolus organizing region (NOR). Certain features of karyotype evolution of parasitoids of the family Eulophidae are discussed.
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Introduction
Parasitoid Hymenoptera are one of the most speciesrich, taxonomically complicated and economically important groups of insects [Godfray, 1994; Quicke, 1997] . In particular, the superfamily Chalcidoidea, with its Recently, these parasitoids have been characterized through a molecular approach (see [Nugnes et al., 2016] ).
Preparation of chromosomes
Chromosomal preparations were obtained from cerebral ganglia of parasitoid prepupae generally following the protocol developed by Imai et al. [1988] with certain modifications [Gokhman et al., 2017a, b] . Ganglia were extracted from insects dissected in 0.5% hypotonic sodium citrate solution containing 0.005% colchicine. The extracted ganglia were then transferred to a fresh portion of hypotonic solution and incubated for 30 min at room temperature. The material was transferred onto a pre-cleaned microscope slide using a Pasteur pipette and then gently flushed with Fixative I (glacial acetic acid: absolute ethanol: distilled water 3:3:4). The tissues were disrupted using dissecting needles in an additional drop of Fixative I. Another drop of Fixative II (glacial acetic acid: absolute ethanol 1:1) was applied to the center of the area, and the more aqueous phase was blotted off the edges of the slide. The slides were then dried for approximately half an hour and stored at room temperature for a few months.
Chromosome staining
To confirm the results of routine chromosome staining in B. silvestrii, several preparations were stained with freshly prepared 3% Giemsa solution in 0.05M Sorensen's phosphate buffer (Na 2 HPO 4 + KH 2 PO 4 , pH 6.8) for a few hours. Fluorochrome staining with chromomycin A 3 and 4', 6-diamidino-2-phenylindole (CMA 3 / DAPI) was performed according to Schweizer [1976] with certain modifications by Bolsheva et al. [2012] . The slide was flooded with CMA 3 staining solution (0.5 mg/ml in McIlvaine's buffer containing 5mM MgCl 2 ), covered with a coverslip, and incubated in the dark for about ten days. The coverslip was then removed, and the slide was briefly rinsed with distilled water and air-dried. The slide was then flooded with DAPI solution (2 µg/ml in McIlvaine's buffer), covered with a coverslip, and stained in the dark for 30 min. The coverslip was then removed, and the slide was briefly rinsed with distilled water before being air-dried. The preparation was then mounted in a mixture of glycerin and McIlvaine's buffer (1:1) containing 2.5mM MgCl 2 , and sealed with rubber cement. The slide was stored in the dark prior to examination for a minimum of three days.
Image acquisition and analysis
Metaphase plates were analyzed under Zeiss Axioskop 40 FL epifluorescence microscope (Carl Zeiss, Oberkochen, Germany). Images of chromosomes were taken with Zeiss AxioCam MRc digital camera using Zeiss AxioVision software version 3.1. To prepare illustrations, the resulting images were arranged and enhanced with Adobe Photoshop 8.0. KaryoType version 2.0 software was also used for taking chromosome measurements. The chromosomes were classified following guidelines provided by Levan et al. [1964] .
Results and discussion
Four large metacentric chromosomes of similar size, a smaller metacentric and the smallest acrocentric chromosome were found in the haploid karyotype of this species with n = 6 and 2n = 12 (Figs 1-2) . We also found that total length of the haploid chromosome set of B. silvestrii is substantially higher than that of the diploid one divided by two (29.7 ± 5.1 vs. 20.1 ± 2.8 µm, mean ± SD, data from ten haploid and four diploid plates of the same male individual). Fluorochrome staining of the diploid karyotype visualized a single pericentromeric CMA 3 -positive band on both homologous medium-sized metacentric chromosomes, probably the second largest ones (Fig. 3) . DAPI staining did not reveal any banding pattern on chromosomes of B. silvestrii (Fig. 4) .
The chromosome set of B. silvestrii was first studied by Gebiola & Bernardo [2008] who found n = 6 and 2n = 12 with the above-mentioned karyotype structure in this species, and we therefore confirm these results. As far as the very phenomenon of generally higher absolute chromosome lengths of haploid vs. diploid karyotypes of the Hymenoptera is concerned, the most plausible explanation for that was apparently suggested by Gokhman et al. [2017a] . Specifically, we consider this situation as a consequence of the lower condensation of Figs 1-2. Karyograms of B. silvestrii: 1 -haploid (n = 6); 2 -diploid (2n = 12). Scale bar: 10 µm.
Рис. 1-2. Кариограммы B. silvestrii: 1 -гаплоидная (n = 6); 2 -диплоидная (2n = 12). Масштаб: 10 µm.
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Figs 3-4. CMA 3 /DAPI-stained diploid metaphase plate of B. silvestrii: 3 -CMA 3 staining; 4 -DAPI staining. Arrows indicate position of CMA 3 -positive bands (NORs). Scale bar: 10 µm.
Рис. 3-4. Диплоидная метафазная пластинка B. silvestrii, окраска CMA 3 /DAPI: 3 -окрашивание CMA 3 ; 4 -окрашивание DAPI. Стрелки указывают положение CMA 3 -положительных сегментов (NOR). Масштаб: 10 µm.
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chromosomes of the haploid set, which, in turn, is necessary to ensure similar levels of transcription in both haploid and diploid cells. The karyotype structure of B. silvestrii (i.e., five larger metacentrics and a smaller acrocentric chromosome) is also similar to that of many other members of the subfamily Tetrastichinae (see e.g. Gokhman, 2009 ). Moreover, this pattern is apparently the commonest in the family Eulophidae in general [Gokhman, 2009; Gokhman, Gumovsky, 2009; Bolsheva et al., 2012; Gokhman et al., 2014] which is, in turn, one of the best karyotypically studied chalcid families, with chromosome sets of more than 60 species being currently known (see e.g. Gokhman, 2009; Gebiola et al., 2012) .
Fluorochrome staining revealed the only paired CMA 3 -positive band on the chromosomes of B. silvestrii. As in many other chalcid wasps studied in this respect, this segment apparently corresponds to the nucleolus organizing region (NOR). Furthermore, a similar NOR position is characteristic of some other members of the subfamily Tetrastichinae (Eulophidae). Specifically, Gokhman et al. [2017b] also found a single interstitial NOR that is relatively close to the centromere of a large metacentric chromosome in Palmistichus elaeisis Delvare et LaSalle, 1993 from Brazil which has n = 6 as well. However, base-specific fluorochrome staining in another Brazilian member of Tetrastichinae, Trichospilus diatraeae Cherian et Margabandhu, 1942 with n = 7, visualized telomeric CMA 3 -positive and DAPI-negative bands on every chromosome [Gokhman et al., 2017b] , although the precise number and localization of NORs in this species remains unknown. In addition, a single NOR was also detected by CMA 3 /DAPI staining and FISH with a 45S rDNA probe in both Entedon cionobius Thomson, 1878 and E. cioni Thomson, 1878 from the subfamily Entedoninae (Eulophidae); nevertheless, this NOR is situated close to the centromere on the longer arm of the only acrocentric chromosome [Bolsheva et al., 2012] .
